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Abstract 
Electrical arc discharge in liquid is a fast, cost-effective and an environmentally benign way for synthesis of nanomaterials. In 
this research iron based nanoparticles were synthesized via DC arc discharge submerging in deoxidized water and the effect of 
dissolved oxygen in arc discharge medium on morphology, crystal structure and optical properties of nanoparticles were studied. 
For nanoparticle synthesis a discharge current of 40 A was applied between pure iron electrodes which were submerged in 
deoxidized water and kept about 8 cm below the surface of water. Dissolved oxygen removal was performed by nitrogen gas 
bubbling for long time before arc discharge. Furthermore during synthesis a pressurized stream of nitrogen gas was directed 
perpendicular to the surface of deoxidized water. In addition, a sample was prepared in water without deoxidization under the 
same synthesis condition. The nanoparticles were characterized by X-ray diffraction (XRD), UV-visible spectroscopy and 
scanning electron microscopy (SEM). SEM results revealed that the particles were spherical with aspect ratios of about one. The 
average size of nanoparticle is below 30 nm in both samples. It was concluded that the reaction of dissolved oxygen molecules 
available in deionized water with iron nanoparticles leads to oxidation of nanoparticles during nucleation, nanoparticles 
formation and especially after synthesis. Therefore the oxygen atom in water molecules and oxygen ions in arc plasma do not 
have a significant effect on oxidation of nanoparticles. These results demonstrate the importance of oxygen removal of water in 
arc discharge method for preparation of pure metallic nanoparticles without considerable oxidation.  
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1. Introduction 
Colloids containing iron and its oxides known as magnetic fluids are categorized as significant magnetic 
nanoparticles, Kefu (2009), XiaoLing and Kefu (2007). Such nanoparticles are used as data storage gadgets, 
catalysts, Studer et al. (2003), magnetic fluids and biomedicine Kefu (2009), Bedanta et al. (2005), Lu et al. (2007), 
Faraji et al. (2010). Many procedures have been applied for iron and iron oxides synthesis such as reduction and 
oxidation of iron hydroxide, micro emulsion, Hosseynzadeh et al. (2012), hydrothermal, laser ablation and electric 
arc discharge, XiaoLing and Kefu (2007). Among the common procedures, electric arc discharge draws significant 
attention due to high efficiency, being environmentally friendly and being a single-step process, Ashkarran (2010). 
Needless to establish expensive raw materials, Tien (2010) and equipment such as vacuum pumps, Ashkarran et al. 
(2008) and the nanoparticles collective system, electric arc discharge is considered to be a cost-effective process for 
nanoparticles synthesis. Applying electric arc discharge may be beneficial to synthesize nanoparticles in intended 
liquid media such as polymeric solvents which then could be used directly for the synthesis of polymer nano 
composites, Ashkarran (2010). Electric arc discharge is commonly used for the synthesis of carbon nanotubes, 
Ashkarran (2009) and some metallic and oxide nanoparticles, XiaoLing and Kefu (2007), Ashkarran (2010), 
Ghazanfari (2014). The main effective parameters in this method are the current density and liquid medium, 
XiaoLing and Kefu (2007). The current study deals with synthesis of iron and iron oxides nanoparticles in deionized 
water via electric arc discharge and investigation of their optical properties. Deionized water as a base medium in 
most chemical environments facilitates the synthesis of metallic nanoparticles and their oxides. With regards to the 
discussion, electric arc discharge method is applied in both deionized water with and without deoxidization and the 
optical properties, crystal structure, shape and morphology of the samples were investigated. It is consequently 
concluded that deionized water is an appropriate medium for the synthesis of iron and iron oxides by changing the 
conditions and synthesis procedure. 
2. Experimental 
Electric arc discharge was accomplished by applying potential difference between two aligned iron electrodes 
with 99.9% purity in deionized water. The experiment setup is shown in Fig. 1. As can be seen, anode and cathode 
electrodes are connected to positive and negative terminals of DC power supply, respectively. A 40 Amperes 
electric current is applied to all samples. Heat generated due to arc discharge plasma causes iron nanoparticles to 
evaporate from iron electrodes and to disperse in deionized water which is much lower in temperature than the 
generated arc. Nucleation and primary nuclei formation along with active growth mechanism is accomplished in 
high concentrated regions of atoms and ions. Nanoparticles are synthesized in both deionized water and 
deoxygenized deionized water. In the case of the nanoparticles synthesized in deoxygenized deionized water, 
deoxidization is carried before and during synthesis by exposing the medium to nitrogen flow. Optical and structural 
characteristics along with nanoparticles morphologies and sizes were characterized with UV-Vis spectroscopy using 
SPUV-26 spectrophotometer, X-ray diffraction pattern (XRD) using X’pert-Pro-MPD using Cu kα radiation (λ=1.54 
Å) and scanning electron microscopy (SEM) using Mira-ІІ-Tescan, respectively. 
 
 
Fig. 1. Experimental setup of electric arc discharge method for the synthesis of nanoparticles. 
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3. Results and Discussion 
3.1. structural analyses 
Figure 2 shows XRD diffraction patterns of the samples synthesized in deionized and deionized deoxygenized 
water. Diffraction maximum peaks related to specific crystalline planes of different phases are characterized for 
each phase. As can be seen from Fig. 2a the sample synthesized in deionized water approximately consists of 40% 
magnetite and 8% iron nanoparticles. The remained 52% is considered to be maghemite.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) XRD pattern of iron nanoparticles synthesized in deionized water; (b) XRD pattern of iron nanoparticles synthesized in deionized 
water after 2 hours; (c) XRD pattern of nanoparticles synthesized in deoxygenized deionized water. 
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XRD pattern of the sample synthesized in deionized water only two hours after applying electric arc discharge 
between iron electrodes is shown in Fig. 2b in order to better clarify the samples oxidation states. Only few percent 
(about 20%) of wustite phase is present in the sample, while iron nanoparticles are in abundance. Such low iron 
oxide phase percent is ascribed to nanoparticles oxidation during and after synthesis due to oxygen molecules 
present or while sample preparation for XRD assay considering nanoparticles high surface to volume ratios along 
with high surface activities. In order to find out the effect of soluble oxygen molecules in deionized water during 
and after nanoparticles synthesis, XRD pattern of the synthesized nanoparticles in deoxygenized deionized water is 
presented in Fig. 2c. A comparison between diffraction patterns pertained to the nanoparticles synthesized in 
deionized water, diffraction peaks demonstrate (011), (002) and (112) planes which account for pure iron phase. In 
other words, no water molecules decomposition and oxygen atoms reaction with iron nanoparticles occur during 
electric arc discharge to cause oxidation, hence soluble oxygen molecules play the most important role in oxidation 
process. 
 
3.2. SEM analyses 
Scanning electron microscopy images of the samples synthesized in deionized and deionized deoxygenized water 
are presented in Fig. 3a and 3b, respectively. As clearly seen, both figures are evidences of spherical nanoparticles 
with an aspect ratio of almost one. Considering Gaussian fit ascribed to particles sizes diagram versus count, 
nanoparticles average sizes are determined as 30±8 nm and 28±6 nm for Fig. 3a and 3b, respectively. 
 
 
 
 
 
  
 
 
 
 
 
 
Fig. 3. (a) SEM image of iron based nanoparticles synthesized in deionized water; (b) SEM image of iron nanoparticles synthesized in 
deoxygenized deionized water. 
3.3. Optical Properties of the Samples 
Optical absorption spectrum of the sample synthesized in deionized water is shown in Fig. 4a. As can be seen, 
nanoparticles are precipitated in colloid by time enhancement which gradually decreases the absorption in ultraviolet 
and visible wavelengths of electromagnetic spectrum. The absorption spectrum is a characteristic optical absorption 
of iron oxide nanoparticles. As clearly seen in this figure, absorption spectrum is stable enough even one day after 
nanoparticles synthesis. Herein, stronger absorption in shorter wavelengths is a proof of excessive nanoparticles 
oxidation. It is worthwhile to note that oxidation after synthesis is due to soluble oxygen molecules in deionized 
water, XiaoLing and Kefu (2007). Fig. 4b presents the absorption spectrum corresponding to the nanoparticles 
synthesized via electric arc discharge in deoxygenized deionized water. As clearly observed, nanoparticles are 
stabilized and partially deposited in colloid as the time passes from 5 minutes to a few hours later. The optical 
spectrum represents the absorption characteristics pertained to iron nanoparticles, XiaoLing and Kefu (2007), so that 
there is a progressive enhancement in optical absorption in lower wavelengths compared to iron oxides with rather 
steady absorption values, XiaoLing and Kefu (2007). 
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Fig. 4. (a) Optical absorption of nanoparticles synthesized in deionized water in different time intervals; (b) Optical absorption of iron 
nanoparticles synthesized in deoxygenized deionized water in different time intervals. 
4. Conclusion 
In this research, iron and iron oxide nanoparticles are synthesized via electric arc discharge in deionized and 
deoxygenized deionized water. Based on results, average particles sizes are 23-30 nm in different synthesis 
conditions. It is revealed that optical absorption pertained to the particles synthesized in deionized water is 
characteristically related to iron oxide nanoparticles, while iron nanoparticles absorption is observed for the sample 
exposed to deoxidization process. XRD patterns also demonstrate that nanoparticles oxidation is pertained to the 
reactions between dissolved oxygen molecules and synthesized nanoparticles in water. In other words, nanoparticles 
synthesized in deoxygenized water only represent iron phase diffraction peaks. The outcomes of the present study 
could be established to more specifically synthesize iron or iron oxide nanoparticles applying electric arc discharge 
method in deionized water. 
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